Lead-induced neurotoxicity acquired by low-level long-term exposure has special relevance for children. A plethora of recent reports has demonstrated a direct link between low-level lead exposure and deficits in the neurobehavioral-cognitive performance manifested from childhood through adolescence. In many studies, aggressiveness and delinquency have also been suggested as symptoms of lead poisoning. Several environmental, occupational and domestic sources of contaminant lead and consequent health risks are largely identified and understood, but the occurrences of lead poisoning remain numerous. There is an urgent need for public health policies to prevent lead poisoning so as to reduce individual and societal damages and losses. In this paper we describe unsuspected sources of contaminant lead, discuss the economic losses and urban violence possibly associated with lead contamination and review the molecular basis of lead-induced neurotoxicity, emphasizing its effects on the social behavior, delinquency and IQ of children and adolescents.
a public health problem of global magnitude and concern (2).
The levels of lead considered tolerable for children have been repeatedly lowered over the last three decades (3) (4) (5) . In the early 1960s, the toxic threshold was established as venous blood lead levels (BLL) of 60 µg/dL, at which overt physical symptoms were observed (6) . In 1970, after the recognition that even lower blood lead could cause brain damage (7) , the threshold was reduced to 40 µg/dL; it was then reduced to 30 µg/dL in 1975, and to 25 µg/dL in 1985. Finally, in 1991, the Centers for Disease Control and Prevention (CDC) set the intervention level at 10 µg/dL. According to Bellinger (8) , although this level only intends to serve as a risk guidance and management tool, it has been widely and incorrectly imbued with biological significance for the individual child. Indeed, the intervention level is often interpreted as a threshold, so that a level lower than 10 µg/dL would be "safe," and a higher level would be "toxic." There is not a safe level of lead exposure because factors such as the endpoint of interest, the age at exposure and at assessment, the duration of blood lead elevation, and characteristics of the child's rearing environment must also be considered (8) . Recently, studies by Lanphear et al. (9) and Canfield et al. (10) have shown intellectual impairment in children with blood lead concentrations below 10 mg/dL, and Chiodo et al. (11) have demonstrated child neurobehavioral deficits linked to 3 µg/dL concentrations.
The goal of the present study was to discuss unexpected sources of contaminant lead and review the molecular basis of the neurotoxicity induced in children by low-level lead, emphasizing its effects on social behavior, criminality and IQ. Finally, we discuss the urgent need for public health policies designed to prevent lead poisoning.
LEAD TOXICITY: A SHORT HISTORY
According to Needleman (5) , childhood lead poisoning was first recognized only one century ago. The author divides scientific knowledge on lead poisoning into four periods. First, there was widespread disbelief concerning reports of lead-poisoned children in Brisbane (Australia), in 1892 (12) . In 1904, it was established that the contamination had been caused by lead-containing paint. Lead paint was later banned for household use in Brisbane (5) . Today, paints in the United States, for example, cannot contain more than 0.06% of lead in their formulation (13) .
The first report of infantile lead poisoning in the United States was presented by Blackfan (12) in 1914 (5) . In this second period in the lead poisoning history, lead was associated with only two outcomes: death or complete recovery without any sequelae. This misconception was refuted in 1943 with the first follow-up of children who had recovered from acute toxicity. Levinson and Harris (14) had previously recommended that children should perhaps be followed on a long-term basis to ascertain possible neurobehavioral disturbances. In 1943, lead poisoning sequelae were well documented by Byers and Lord, who followed 20 children with symptomatic lead poisoning in early childhood until school age. They found that 19 of these children presented aggressive, antisocial, and uncontrollable behavior (15) . Thus, in this third period, it became generally accepted that lead toxicity caused long-term neurological impairment, although deficit was thought to occur only in children with clinical signs of encephalopathy during the acute episode. The fourth period began in the 1970s, when studies of children with no clinical signs of toxicity showed deficits in IQ scores, attention, and language (16) (17) (18) .
MAJOR SOURCES OF LEAD EXPOSURE
Lead occurs naturally in the lithosphere at concentrations of about 13 mg/kg. Lead was employed to manufacture tableware, trays and other decorative objects as early as 6000 BC. The Romans believed that lead-the "oldest" metal-was a gift from Saturn (Khronos), the father of gods. They used lead to build aqueducts and to prepare lead acetate, a sweetener of wine consumed daily by Roman aristocrats. The name saturnism for lead poisoning was coined after Saturn.
In addition, lead occurs naturally in the air, water, soil, biota and in human beings. Human exposure to lead occurs through inhalation, ingestion and through the skin. Lead may be ingested directly from contaminated water, air, and soil and indirectly by eating contaminated animal meat, fruit and vegetables and their derivates. Environmental or occupational exposure may be aggravated by insufficient protective behaviors, habits, and socio-economic factors. Lead is found in food, batteries, solders, plastics, household paints and gas, but also in glass nursing-bottles, toys, glazed pottery, granite floors, calcium supplements, herbal medicines, wild game, facial makeup and cigars. Lead affects the brain, kidneys, liver, blood and testicles and impairs learning, attention, IQ, memory, hearing, and sociability. It causes hypertension, anemia, nephropathies, sterility and encephalopathy, with the degree of poisoning being dependent on blood levels ( Figure 1 ). Human use of lead increased during the Industrial Revolution and in the early 20th century, when there was high demand for leaded gasoline, lead-containing paints, canned foods, and car batteries. Importantly, the population of American children with BLL over 10 µg/dL declined by 80% since lead was banned from gas, solder in canned food, and house paint (19) . The World Health Organization (WHO) recommends constant research on the various "silent" sources of lead exposure (20) . Vigilance is crucial and must be fostered by raising community awareness. Also, there must be strict control of products suspected to contain lead and of imported goods (21) .
According to Goyer (22) , the most common source of exposure to leadcontaminated food is lead-soldered cans. Outlawing lead solder in canned food is estimated to have reduced the average dietary intake of lead in 2-year-old children from 30 µg/day in 1982 to approximately 2 µg/day in 1991 (22) (23) (24) . While banned in the United States, lead solder continues to be used in other countries (23, 24) . Other less common sources of exposure to dietary lead are ethnic food, dietary supplements, folk medicines and moonshine. Hair/eyelash/eyebrow dyes can be sources of lead poisoning through skin (24, 25) .
Ingestion of lead does not occur solely through dietary sources. Currently, leadcontaining paint sold in the United States between 1884 and 1978 is the major source of lead ingestion in young American children (23, 24) . Although the amount of lead allowable in paint was lowered by federal law in 1971 (13), 80% of U.S. houses were built before 1950which means that 23 million units still contain leaded paint (5) . In 2002, it was reported that 65% of 38 million housing units in the United States had leadbased paint (26 white paints containing highly toxic lead compounds with very expensive titanium oxide-based paints and, hopefully in the near future, with non-toxic and inexpensive aluminum phosphate or polyphosphate-based pigments (Biphor ® , Bunge Co.) (27) might help prevent lead poisoning from paints. Drinking water can also be contaminated by lead, either at the source due to deposition from environmental sources or in the water distribution system. The U.S. National Primary Drinking Water Regulations for Lead and Copper state that water is unsafe if 10% of a municipality's test sample is determined to have lead levels greater than 15 ppb (26, 28) . Several authors have pointed out that municipal water distribution system infrastructures contain components that may leach lead, such as lead service lines that channel water to the homes, lead pipes inside the homes, copper supply pipes that have been joined using lead solder and lead-containing brass pipes and fixtures that can contain up to 8% lead (29, 30) . A recent survey of the Washington, D.C. area by the CDC (31), the D.C. Department of Health and the U.S. Public Health Service estimates that 18% of over 30% of the analyzed population residing in this area had BLL above 5 µg/dL, leading to cognitive deficits in children (9, 10) .
In Brazil, Teixeira (32) has found that 11% of pipes used in the water distribution systems of 100 schools in São Paulo present lead levels above the limit considered safe by the WHO. In 2% of the water samples, the lead level was found to be five-fold higher than the highest acceptable value (< 10 µg/L, according to the WHO), thereby threatening the neuropsychiatric health of children.
Several studies have shown that high BLL in preschool children are strongly correlated with high lead levels in house dust (33) (34) (35) . This association has been attributed to dust intake from the frequent hand-to-mouth behavior of young children. Flaking lead-based paint, road dust, garden soil and airborne lead-bearing particles are believed to be the sources of lead in household dust (36) .
Leaded gas has caused more exposure to the metal than any other source worldwide (37) . According to the São Paulo State Health Department (19) , about 80% of the lead found in urban air samples before 1982 was derived from leaded gas. Car battery manufacture is the main source of secondary lead (38) , but other sources cannot be discarded. Thus, it is not surprising that international bodies such as the World Bank, WHO and the United Nations Commission on Sustainable Development (CSD) agree that countries must give up leaded gas for the sake of public health. In 1994, the CSD called on governments worldwide to switch from leaded to unleaded petrol. Nevertheless, up to the year 2000, only 42 countries, including China, New Zealand, the United States, some Western and Eastern European countries, and several Latin American countries, had phased out or were phasing out lead from gas. India and a dozen or more countries in Latin America and Western Europe were committed to making the shift by 2005, while the remaining 150 or so countries in the world had not made a decision (39) .
BIOCHEMICAL MECHANISMS OF LEAD TOXICITY
Lead is a heavy metal with no apparent biological function. Despite the extensive evidence concerning the toxic effects of lead on human health, the molecular mechanisms underlying this metal's poisonous effects on the central nervous system (CNS) have yet to be clarified (40, 41) .
Bioactive lead is a divalent cation that binds strongly to sulfhydryl groups in cysteine residues of proteins and enzymes. Lead toxicity can be largely attributed to conformational changes undergone by enzymes and structural proteins upon binding the lead ion, but this versatile toxic agent has other targets as well. For example, lead interferes with the endogenous opioid system (42) and efficiently breaks the ribosyl phosphate group of tRNA (43) . Many toxic properties of lead are putatively due to the metal's capacity to mimic and compete with calcium and zinc ions in finger proteins dependent on these metals (44) .
Recent studies have also focused on the heme biosynthetic pathway, where many sites of lead interference are encountered. Thus, lead poisoning can be considered a chemical or acquired porphyria (45) . The thiol enzymes δ-aminolevulinic acid dehydratase (ALAD) and ferrochelatase of this pathway are extremely sensitive to lead. Inhibition of these enzymes increases, respectively, ALA and protoporphyrin IX concentrations in urine, blood and other tissues. ALA has long been known to compete with γ-aminobutyric acid (GABA), a neurotransmitter in the cortex, hypothalamus and other tissues of the CNS and the peripheral nervous system (46) .
An increase in ALA in the blood and brain areas could contribute to the triggering of behavior disorders in patients carrying genetic porphyrias, including acute intermittent porphyria (AIP) and hereditary tyrosinemia type 1, and also in lead poisoned individuals. This hypothesis is based on the fact that ALA has been shown in vitro to exhibit prooxidant properties towards biological molecules (proteins, membranes, DNA) and supramolecular structures (mitochondria, synaptosomes); in vivo, these properties have been observed in brain, liver and red muscles of ALA-or leadtreated rats and in the blood of lead exposed workers (47-52) ( Figure 2 ). Of utmost importance was the finding that ALA-driven oxidative injury to GABA receptors in synaptic membranes, synaptosomes, and GABA-rich brain slices leads to a two-fold increase in the dissociation constant of the receptor-GABA complex (53) and to a significant decrease in the GABA receptor population (54) .
Fundamental questions about the molecular basis of the ALA-induced neurological lesions remain unanswered. It is worth noting that acute porphyric attacks of inborn and acquired porphyria patients correlate with elevation of blood and urinary ALA and that lead exposed subjects with high levels of lead (> 60 µg/dL) and ALA (> 1 µM) in the blood present neurological manifestations similar to those in AIP (55) (56) (57) .
LEAD POISONING OF THE INFANT NERVOUS SYSTEM
Studies in several countries have estimated that about 4% of their children have high BLL (20) . The prevalence may be even higher in children living in inner-city areas of the United States. According to data collected between 1976 and 1980, 17% of children presented BLL > 15 µg/dL, 5.2% > 20 µg/dL, and 1.4% > 25 µg/dL (58) . Lead poisoning is not considered a significant environmental risk for children in the rural areas of developing countries. However, in a study with children living in the rural Philippines, 21% (601 of 2 861 children) had BLL higher than 10 µg/dL. BLL were independently associated with age, hemoglobin concentration, water source, roofing material, household expenditures, and history of breastfeeding. The authors evaluated possible environmental exposures in a sub-sample of children with elevated BLL and found multiple potential sources, such as fossil fuel combustion, lead paint (around 38% of homes) and household items (59) .
Children are more sensitive to lead than adults for many reasons. Their exposure to lead is favored by the habit of eating non-nutritive substances (pica habit). A child's intestine absorbs lead much faster than that of an adult, and the developing CNS of infants is more vulnerable to toxic agents than the mature CNS, especially in the case of undernourished children. Neural proliferation, differentiation and plasticity are strongly impaired by lead.
In the United States, overall childhood BLL have declined as a result of federal regulatory measures to reduce population exposure to environmental lead. Screening data from the late 1960s and early 1970s indicate that 20 to 45% of the children tested had BLL ≥ 40 µg/dL. Between 1976 and 1980, the weighted geometric mean of blood lead among 1 to 5year-old children in the United States was 15 µg/dL (60) . Data from the Third National Health and Nutrition Examination Survey (NHANES III), phase 1 (1988-1991), showed a decline in the geometric mean of lead level to 3.6 µg/dL (60) . NHANES III (1991-1994) showed a further decline in this biomarker to 2.7 µg/dL. NHANES III, phase 2 data indicated that approximately 4.4% of 1 to 5-year-old children (about 890 000 children) had blood levels ≥ 10 µg/dL (61). Bernard et al. (29) analyzed data from NHANES III (1988) (1989) (1990) (1991) (1992) (1993) (1994) and found that the overall prevalence of blood levels ≥ 5 µg/dL was 25.6%, although 76% of these children had BLL < 10 µg/dL.
In Argentina, studies carried out in the cities of Cordoba and Buenos Aires showed that between 10 and 40% of children younger than 15 years of age presented BLL > 10 µg/dL (62) . In Uruguay (63) , in the beginning of 2001, BLL > 25 µg/dL were detected in children from a specific sector of Montevideo where several metal smelting plants and other industrial activities had been in operation for the past 50 years. Because of that, the Uruguayan public health ministry commissioned a second study, which showed that 61% of 2 351 studied children presented BLL > 10 µg/dL.
In Brazil, studies on environmental lead exposure are rare, limiting the understanding about the impact of lead on the Brazilian public health (64) . Silvany-Neto et al. (65) found mean BLL of 36.7 ± 20.7 µg/dL in children living close to a primary lead smelting plant in Santo Amaro, state of Bahia. In 1996, using the Zn-protoporphyrin method, the same group (66) found lead levels as high as 65.5 µg/dL in children in the same area. These levels have remained abnormally high since 1980 due to the contamination of soil by lead. In 2003, the group found BLL close to 17 µg/dL, and 5 µg/dL higher in children with pica habit, independent of age, visible presence of scum surrounding the home, employment status of the father, family history of lead poisoning, and malnutrition (67) . Freitas (70) carried out an evaluation of lead exposure in a contaminated area of the city of Bauru. In that study, a battery recycling plant had contaminated the neighboring residential area with lead oxides during the previous 8 years. Environmental lead contamination was assessed by the state authority for environmental control CETESB and the plant was closed in 2002. Over half of the 311 children presented BLL between 15 and 19 µg/dL, 21% between 20 and 39 µg/dL, and less than 1% (3 children) had BLL of 40 µg/dL or higher. Compared to other lead contaminated areas in Brazil, the BLL found in the Bauru study were rather low (median of 7.3 µg/dL) (71) . In Brazil, there are no public policies establishing an official procedure for sampling and analyzing lead in human tissues, nor to screen lead in schoolchildren, even in the presence of psychomotor and learning disabilities (19) .
Lead effects on IQ and social behavior
Cognitive function, measured by psychometric IQ tests, has been the major focus of most studies on lead exposure in childhood. However, there are reasons to believe that cognitive dysfunction may not be the most important effect of lead (5) .
Denno (72) traced the behavioral patterns of 987 African-American youths from birth to age 22. She found that among the dozens of sociologic and biologic correlates of delinquency, lead poisoning was among the strongest for male subjects. Lead-induced aggressiveness is not an entirely new notion. Parents have frequently reported a dramatic change in the behavior of children after recovery from an episode of acute lead poisoning, with the child becoming restless, inattentive and aggressive (5) . In 1943, Byers and Lord reported attention deficits and aggression in a sample of lead-poisoned children (15) .
Needleman et al. (73) studied 301 primary school students and found that children with elevated bone lead levels scored higher on the attention-deficit, aggression, and delinquency clusters of the Child Behavior Checklist after adjustment of covariates. Dietrich et al. (74) found that prenatal lead exposure was associated with parental reports of delinquency and aggression, and postnatal lead exposure was associated with selfreports of delinquent acts. A case-control study including 194 arrested and convicted delinquent youths (aged 12 to 18 years) and 146 non-delinquent controls revealed an increased risk of delinquency associated with bone lead concentrations measured by X-ray fluorescence (75) . The covariate-adjusted odds ratio was 4 (95% CI: 1.4-11.1). In Brazil, a cross-sectional study was conducted to verify the association between dental enamel lead levels and anti-social behavior. The study included 173 adolescents aged 14 to 18 years and their parents (n = 93), residents of impoverished neighborhoods in the city of Bauru (state of São Paulo), a region with high crime rates. The covariate-adjusted odds ratios indicated that high dental enamel lead levels were associated with increased risk of externalizing problems and of exceeding the clinical score for somatic complaints, social problems, and rulebreaking behavior. The authors concluded that exposure to high lead levels can indeed trigger antisocial behavior, which claims for public policies to prevent lead poisoning in the country (76) .
Recently, Chiodo et al. (77) have shown a relationship between BLL and neurobehavioral outcome in 7-year-old African American children. Among the studied variables, social problems, delinquent behavior and total behavior problem scores were associated with BLL (β = 0.10, β = 0.09 and β = 0.09; P < 0.05).
A number of recent ecological investigations have correlated leaded gasoline sales and lead in air particulates with crime rates, strongly suggesting an association between lead exposure and crime. Stretesky and Lynch (78) , when comparing homicide rates in 3 111 counties in the United States with adjustment for 15 covariates, reported a four-fold increase in homicide rates in counties with the highest air lead levels compared to controls. Nevin (79) correlated sales of leaded gasoline with violent crime rates and, after adjustment for unemployment and percent of population in the highcrime age group, found a statistically significant association between lead and crime. It has been speculated that one of the reasons for the recent decline in crime rates in the United States might be attributed to the adoption of public policies to ban lead in paints, gas, and canned food, therefore reducing exposure to lead. In 2007, Nevin (80) carried out single and combined national regressions, identifying "best-fit" lags for each crime analyzed, with the highest significance (t-value) for blood lead and percent of crime rate variation explained (R 2 ). The results presented a strong association between preschool blood lead and subsequent crime rate trends over several decades in nine countries. Furthermore, regression analyses of the average murder rates for the period between 1985 and 1994 in American cities suggests that murder could be especially associated with more severe cases of childhood lead poisoning.
Many studies provide evidence of an inverse relationship between lead exposure and cognitive ability (81) . There is, however, disagreement about the IQ to blood lead slope (IQ points lost per increase of 1 µg/dL in blood lead) and the influence of confounding variables (82, 83) . There is strong evidence that young children face the greatest risk of IQ losses due to lead exposure, especially during the first 3 years of life, when basic cognitive abilities develop (82) . This information is very important because many painted toys may contain lead, posing risk especially because children are likely to introduce them into their mouths. Cognitive losses due to lead exposure during the first 3 years of life appear to be most evident in IQ tests carried out some years later, around age 10 or older, when IQ scores are more stable and predictive of future outcomes (81, 82) . There is no consensus, however, on whether lead exposure is more strongly associated with verbal IQ, mathematical skills or performance IQ. However, despite the similarity with a pattern of outcomes typical of brain injury, detailed comparisons of children's deficits indicate that lead, like most other causes of brain injury, does not produce exactly the same set of impairments in all patients (84) .
Although data on yearly changes in IQ are unavailable, temporal data are available for specific types of social behavior associated with lower IQ scores. Herrnstein and Murray (85) , in their controversial book The Bell Curve, cite data showing that individuals with lower IQ levels account for a disproportionate share of violent crime and unwed births.
In 1960, in the United States, the accepted threshold for BLL in children was 60 µg/dL. Follow-up studies carried out in American cities showed that 10 to 20% of the children in these cities presented BLL of up to 40 µg/dL. This finding supported the notion that some learning difficulties and behavior disorders (subclinical manifestations) could be attributed to lead. Five studies on lead levels and behavior in children without overt signs or symptoms of lead poisoning were carried out in the 1970s. Three of them reported an association between lead and IQ (16, 17) , and two did not confirm this connection (86, 87) . Those studies had limitations of design: the number of patients in each study was small, and blood lead was used as a biomarker. Blood lead is reliable as a biomarker of short-term exposure only, since it has a half-life of 36 days in the blood (88) .
Three meta-analyses have confirmed that exposure to low levels of lead may be associated with IQ deficiency (82, 83, 89) . In response to these data, in 1991, the CDC reviewed the acceptable levels for BLL, reducing the 60 µg/dL blood threshold established in 1970 to the present value of 10 µg/dL. More recent data point toward cognitive, attention and behavior deficits in children with BLL between 3 and 5 µg/dL (9) . In 2007, Chiodo et al. (77) presented data showing that a threshold below which BLL is not associated with harmful outcomes does not exist. The authors suggest a reduction of the "acceptable" level, considering the recent scientific evidence. Dudek and Merecz (90) found that the fastest deterioration of IQ was observed with BLL between 5 and 10 and 11 to 15 µg/dL, consistent with the finding by Schwartz (82) of an increased slope at lower BLL (79) .
In recent decades, violent crime and unwed pregnancies have been associated with teenagers and young adults living in poor urban areas. The average BLL in children from deprived urban areas has probably begun to rise as early as the 1940s, due to the addition of tetraethyl lead to gasoline combined with use of lead-based pigments in house paints. Therefore, temporal data on leaded gasoline consumption might serve as a rough indicator for changes in blood lead in poor urban children from 1940 to 1987. If childhood lead exposure affects IQ, and IQ affects population rates for crime and unwed pregnancy, then changes in crime and unwed pregnancy rates from 1960 to the late 1990s could reflect changes in IQ associated with temporal trends in leaded gasoline consumption from 1940 through the early 1980s (79).
PRIMARY PREVENTION: BENEFITS FOR PUBLIC HEALTH
A cost-benefit analysis carried out by the United States Public Health Service estimated the cost of abatement of old houses painted with lead-containing paints over a 30-year period at US$33.7 billion, in 1991. The estimated benefit from avoided health care costs and increased income due to raised IQ would be US$61.7 billion. This cost analysis may be conservative, as it does not contemplate the prevention of delinquency and cardiovascular disease, both demonstrated effects of lead exposure, among other health effects (4) .
According to Needleman (5) , current analyses also demonstrate that prevention of primary lead exposure yields large economic benefits. Grosse et al. (91) calculated that the IQ of preschool children was increased by 2.2 to 4.7 points above what it might have been if leaded gasoline and blood lead had not been reduced. From this, they calculated the IQrelated increase in income and estimated that the economic benefit for each year's birth cohort was between US$110 and US$319 billion. Landrigan et al. (92) , assuming no threshold for the lead-IQ association, estimated the loss of future earnings for the 1-year cohort of children aged 5 in 1997 at US$43.4 billion.
The monetary cost associated with the ubiquitous exposure of fetuses and children to lead in industrialized societies has also been calculated by Schwartz (93) . That author estimated medical costs associated with the treatment of children with undue lead exposure, the increase in remedial education, and the costs associated with reduced birth-weight and reduced gestational age, among other factors. The largest single cost was earnings lost as a result of decreased intellectual capability (Table 1 ). According to another analysis using the comprehensive National Longitudinal Survey of Youth database to attribute monetary value to the effect of decreased cognitive ability on earning capacity, the estimated gain in earnings would be US$7.5 billion per year for a decrease of 1 µg/dL in BLL in the U.S. population (94) . It is obvious that the effect of lead on IQ represents an enormous cost to society in terms of lost potential and increased need for medical care and special education.
According to Needleman (5) , the evidence that lead toxicity extends down to the lowest measurable levels, that pharmacological therapies are ineffective at preventing sequelae in those with low levels, and that reduction of exposure yields huge economic as well as health benefits provides a strong argument in favor of the systematic abatement of lead from the single remaining major source in the United States: older homes. On the other hand, an association has been firmly established between air lead concentrations and levels of lead in the body (95) (96) (97) (98) (99) . To determine if data on potential lead exposure drawn from the Environmental Protection Agency's Cumulative Exposure Project (CEP) were correlated with BLL at the county level, Stretesky and Lynch (78) collected data from the Ohio Department of Health on children younger than 6 years who had BLL above 10 µg/dL in 1998. The CDC identified the data from Ohio as more valid than data from most states because a large proportion of children across all Ohio counties are tested for lead poisoning. The authors found that across Ohio's counties, CEP-estimated air lead concentrations were positively and significantly correlated with the percentage of children (among children who were screened) who had elevated BLL (Pearson correlation coefficient: 0.44; P < 0.001; n = 88). This relationship persisted (Pearson correlation coefficient, 0.48; P < 0.001; n = 88) after adjustment for the percentage of houses built before the 1950s (1990 census estimate), reinforcing previous findings suggesting that lead exposure may result from a variety of contamination sources, including lead-contaminated air. An important and interesting example of primary prevention is that of the city of Hartford, state of Connecticut, in the United States. The Hartford Health Department implemented a public health campaign to increase the lead poisoning awareness. The actions involved several novel elements and partnerships, including the use of municipal sanitation trucks to disseminate lead-poisoning prevention messages throughout the city. The most important results were as follows: recall of campaign components ranged from 21.5 to 62.6%, with newspaper advertisements and signs on buses and billboards recalled most often and a video broadcast on public-access television recalled least often; more than 45% of respondents reported that they took steps to prevent lead poisoning because of at least one of the campaign items, with newspaper advertisements being the most effective component in terms of prompting lead-poisoning prevention behavior. However, the awareness of respondents was particularly low concerning how medical personnel and procedures could or could not detect and prevent lead poisoning in children. This campaign inspired caregivers to take the necessary steps to prevent lead poisoning and may help public health professionals in other communities to develop new ideas for similar initiatives (100).
In Brazil, according to the São Paulo State Health Department, some measures have been adopted for protecting the population, despite the lack of an official program for environmental lead exposure prevention. Since 1978, tetraethyl lead has no longer been added to gasoline as an anti-detonator. In addition, there are regulations for acceptable lead levels in food and water (101, 102) . Regarding acceptable levels in humans, until recently only occupational exposure had been regulated. In 2008, however, a law was enacted to establish the maximum amount of lead in the manufacture of materials for children in educational settings, as well as in varnishes and furniture (103) . It should be noted that before this law some manufacturers from non-regulated sectors followed internationally accepted lead parameters. According to the Brazilian Association of Paint Manufacturers, there is a trend that began in the 1990s to replace lead pigments in paints. At present, Brazilian domestic paints are free of lead. However, lead is still used as an anti-corrosive, such as red lead in iron gates, refrigerators, cars, stoves, bicycles, and many other goods. In this case, a covering paint must be applied (19) . As mentioned, the non-toxic and inexpensive Biphor ® white pigment, based on aluminum phosphates and polyphosphates, will greatly decrease paint-related lead poisoning (27) . Still in Brazil, studies conducted at the Adolfo Lutz Institute (104) have found lead in pencils, pens, colored paints, erasers and other school supplies. This study recommended the drawing of regulatory guidelines for the manufacture of such products, which are now regulated by the 2008 law mentioned earlier (103) .
Canned food manufacturers in Brazil have also replaced lead-based solders. Regarding the contamination of fresh food by lead, Sakuma (105) found secure lead levels for human consumption in Brazil. Glazed ceramic containers can be a source of lead poisoning when lead leaches into stored beverages, especially in the case of acidic fruit juices such as those made from grapes and citrus fruit (106) . Lead from glazed ceramics is promptly dissolved by the tartaric and citric acids present in these juices, due to the chelation of the metal by these acids.
Since 1986, an Environmental Impact Report (EIA/RIMA) has been officially required for the approval of potentially polluting industrial plants, as an obligatory document to license these companies (107) . The strategies proposed in this report to minimize the pollution by the plant must be analyzed and ap-proved (102) . Nevertheless, companies started before 1986 are not mandated to follow this protocol, unless they have caused environmental damage (108) . According to information from the São Paulo State Health Department Sanitary Vigilance Center (19) , several small companies and domestic sources of lead contamination do not issue warnings to prevent lead exposure.
FINAL REMARKS
Considering that a healthy social tissue can be seriously harmed by lead, it is extremely important to establish public policies against lead contamination and guarantee an adult population that is socially well balanced and productive. In a recent paper, provocatively named "Childhood lead poisoning prevention-too little, too late," Lanphear (109) calls attention to the importance of preventing lead poisoning for the good of individuals and of society. In this context, it is tempting to state that there is a high probability that many young delinquents are actually victims of lead poisoning and not necessarily genetic or social criminals. We close with a plea for public health policies to prevent lead poisoning in underdeveloped and developing countries, such as those that have long been adopted in the United States, Europe, and Japan. Olympio La neurotoxicidad adquirida inducida por la exposición prolongada a bajos niveles de plomo tiene una importancia especial en los niños. Una plétora de publicaciones recientes ha demostrado el vínculo directo existente entre la exposición a bajos niveles de plomo y el déficit en el desempeño neuroconductual-cognitivo manifestado desde la infancia hasta el final de la adolescencia. En numerosos estudios, la agresividad y la delincuencia juvenil también se han considerado síntomas de la intoxicación por plomo. Se han identificado y explicado ampliamente varias fuentes ambientales, laborales y domésticas de contaminación por plomo y los riesgos resultantes para la salud, pero aún son numerosos los casos de intoxicación por plomo. Se necesitan urgentes políticas de salud pública para prevenir la intoxicación por plomo de manera de reducir los daños y las pérdidas, tanto individuales como para la sociedad. En este artículo se describen algunas fuentes no sospechadas de contaminación por plomo y se discuten las pérdidas económicas y la violencia urbana posiblemente asociada con este tipo de contaminación. Además, se hace una revisión de las bases moleculares de la neurotoxicidad inducida por plomo, con énfasis en sus efectos sobre el comportamiento social, la delincuencia juvenil y el coeficiente intelectual de los niños y los adolescentes.
Intoxicación por plomo; síndrome de neurotoxicidad; estrés oxidativo; delincuencia juvenil.
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